


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1991 


Stability and control flight testing of a 
half-scale Pioneer remotely piloted vehicle 


Aitcheson, Kent Robert 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/28561 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sia Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 






















































































otety 
— 
Sie ee 
rio 
be ay She 
be ‘a ~~ 
bated , 
nan a di ¥ 
= De oth ARES A a 
pgp! 2 neat s " 
pee ES, vant mai ‘eh 
ME, or SS ie 
REA real sit | 
fy 2% ni ¥ a} z i 
. mal fl ie ‘t Va ye f £4 
fet “ te Nace es igs. i, x 
aera bss Oy Picts sy: iets se ye 2 os 
tt by! 2 
aa say's ya an Poe ett patk sm Loe ce Pr ie Oss 
| AS STAYS f= ya P| catieae ana ! sete of 
we UJ i ys re / Very as rahe Wer aie) rh is a 
A.t's ae ote a ® » 04 a4 a a 
a A ee a? nome Ne “ a Pe ano? an oe Ae Senate zs ire 
we Me nate > ay mw 
ro or sag fe ye « a ee iy }, rite Ruins big nh ve $203 mene a eS 
\ “st rs 
a 1 “3% vs Us Ld tis as ¥ a's 
4 i. ¥. ry ee ~ 
Lye: ae a tes coh tees Spat ah eB ARK sein uate se Pie Bi ens me mm 
my ane ia ae 4A . Ys wets es a vara + ete aes 
Borate oe was) erro RA nce oN ay! i pan Sis : ein va ome jn = ee Fiat aes ‘ 
’ » Pal! y% Valis $s iN ie : yA 
. bry nai 9, As 4 ON er ’ my 4 nc ra cat, ina oe mgt 
D Fy ey Paty fatally Ma CN oni tare Ae s : 
A Seas chy Hf us ‘ots nv ae 7 TA Ms ‘, siit'el "yy %: nee yi ASR ard 3 ie ii Spat tie) re 
=~ 4 ‘ yd ral “0 a H Part 1 ay > 
We my ! at AU hy Bots BELEK Ree ae ee walt Grote ne - sie Tea Recut 
oe v mri ate ni ny mr Mf oon un SNe san re Amy b Re a Me oe. ts ase Pa roy 
oi ," aa oe \ ie i of ‘ VE ‘ bys te mate aH Moire wh re rsh 4 7 mm aydt at at a ab sh ks 2 ph ate i =a Wks v 
rt ee “ rs Range AS e a i. “ee ro te mn at + vat Gy pans ie eS vies in wy Ke rs oe eat teh Reo 
oY ty Pint RR *: ie Y Rew yds ae aya a UNS anny ae trie 
ee : ey ; rns ae A ‘ a iw vehi Ne Sa! fe Pitt ane TA Hen 44, ISN i eke y ee fare ate re ask 
‘ at ei, oat vy oe eae, thd AS yee « ; uns 4 wi) Ae >) e ers vet ica ie? acon whe . 
a Ls , : ) i> a, Ay, — +0 as ih Fel abt ‘s dy y ey it uKM, mis, ¥ es aur ea Bi nin fy 5g 18 hy Jey 
4 a es), * y ' afi ye 20 ata Sale se Ne ofgt’ the wae HAs ri 4. het Yu fay a oy" hs tah ua Nepet iA adeie 
. un ! > vhs i, Ree Ny ot .. ! hy va r Se Naty ak an se Say athe Ne ‘shes Caen fs seus eens _ ‘i eras 
; es Ms oF as ‘ ay mS ‘"s ERY ve My y 4 King. Rar Ey Ms Sati fi re } biel Rae “a ? a Pata iy cf Py ‘ 
i nf m a 24 AK \ 1 . i i aw is ta ay / 2h iy’ ae AN ares tS ie Pa sed oh Ly Nod aa es TAS + aA whe Ai lates Os » 
: eer 7} eee A ex 4, wae ay i“ nde A me * + ayy : ae afte a rns vy! ee “bite isaek 0 pace ay acatyene Sc Aira bine Wheres 
: ma 4 ¥ 4 e, X ‘wy by y eee ey vas ree of iy ae "4 bah Sar iy hy ag! 4 ST ork ays ED oats ‘ ee + ale 
' —s $ os my : ce a : e in yA H Psa 4 “hy, a $ 7) " uy ine aie ae a, mA ener ora Nears a ree ai Re Ess aoe * aa 
; a oe ar ‘ , % » a sea Pa ty 4 ' rl a a 4 » te bi * a7) oe Re. ray ‘ . ai =H aly "t = rien Sie ; > 
il me Rete vA ihe 7 HY nis ie ui Peis Shoat as es : eras 2 cere Ereercts a 
; 5 ‘ 4 i a : ‘ ; % 4 : ’ W * : ’ ¥ eT = 2 " ’ a KY - a 
ar ie, " . ee Mes yy é; ie va x » oY ny "ah ae . ee pik: neg Re dal ¥ ee Bran se mary ar ei os se read eae ets 
; hc iM on : K ‘ , % 4 ' es ' me ft | , * : “ss be " o's Matyé . ER as yi zt 5 Mu! yy hes, es es wie ay Te eats 
. af To ‘ he as ‘ as HC AN Sy ws ai " H Fea Pea we 7 is: y ¢ eae i 
ae oo aa Re So SUN ae Pe ert ae Ne stat oe ie see on ae aa a Se 
‘neh ’ t “4 "y 4 Ved us * al Y « wae i a ae “4 Mae ites . ‘a anes 1 eur me he ar 
. , } eae 4 “yh 4 1 Y * I. eg * at fy ph h a iy, 3 bs ww sé x Sa vai ¥ Kats eit oss - 
a a . i, , Ora ' y : % * Fy i ry oe 1 fen y y ' a, a Ags a" “tas ¥ a *¥ wg! bt . ee cal cart oh wy tet a 
ae rn pee: " vine ee "ns de ye ey ay ee sens Keene ) ee Rea ee are we oe ae ‘i rae 
ete Lae . at 4 rt x , ae ae wen ye sn 3, ee i Fa matt eases by Rosie te wjeruekaey th @ 
or ee Mss : as ‘yi ae Ait * eS Pe sot te ae i 3 ‘Lin ay i Bs Sana et Au Ria me con ia 
ee a b Ae oe ' 2 i, ‘ Pi bs Noe Be are fs sy . iS ’ fa oi Sel Piaget? aif dis poke 4 sas naa i Re “sia's Phage eee me ae abies Bb i cane Pod Bi 
” et . ' ~ . vw te : 
“ % n't " vr haga: 2, + tea 5 ae bs oy we eg! . SoS Pat Bae Ba ae ene no eo oe ia ine wg flake oe Meta 
’ \ a $ ‘ P A ‘ - Ve. 4 ‘o Od Yer a aL » - hi af a’ An » .% fat Ais sf ae “he fat P wiaca ‘ Sh 4 ne ‘on hee fms Nua » A 
we 1 a . ay ‘ re ; sh ' tA ' vo a UF ‘ wy, a ’ me a ® "ay f : ¥ vv h fied a] Pus Cia Mata 14 ars A003 ie anes wn a me 1 es ee ) aaa Se age tae . 
' Seal My ate si% “ an i! . Be un me Bf yy os aK mya sj ark tea cee te i ie ae see . ee oe S 
“yy Cue) bake %, eee ye Py yrs , ey “! a nei Soe x eh A ab $8 SOria yi erhan ae aa mii 2 ee & Sato Pert: ui 
7 1 4 U : °e ~ | : i eT 2s “. LA 4 ' ig ae h Z\ . : ‘ 2 i ps "d 
7 i e marie oh ; iF ‘ ig oth “0 tee ph: Sed neh a beky * Nees i Sie i eas Ady A" ox AY a; PAN ihe hen Pai PAI SE ier a =! ’ aa is 
ri ear Ub t a i vate bere as man . a’ nh Re 2 ed “st sfalaeyh tes bal ey } seit ge Seni = ae 1%! cond ye < rt ee ser eee PAS ; eh. 
i Y a] Z 7 v é ; * 5 ’ 4 fe ree . 7, 4 ; iy as AR : “8, ry 5 ra ig * ‘ bs 
ae: yee te Vine es é ' ta ; u h " 3 es vy Ren! ye Ne ‘ Sees we ashe pss + ese oe ed he btn ‘ait ce pee ma ay BENS ‘ ; 
: : ' hie pate y: f a ht , ay : Benth me mize! 
: , Le : : ? , . 4 i : i . be 1" at a es Ra x . ; ys 3 4 ee as ee Mies at 4A oe Oe oe eS ho i raced: 
Y ’ \ s' ¥ 1 t, He “ices : rN é * a *y M4 “s "ee af pate ht ugh ¢ 45 Fa! 2 Fat taf aie 4 spo Fas a 
' aes ak : AA : an a eas why ae > Jen aN Py ; pees he y2 ria?s One AS rs sti ae vy ats aad ok 
‘ Sat js oS - ’ vs i‘ A " 1 aya asa nn ; yas BY tf ‘ i7 my Nini v2 A, oyeye Y ae si 7p aa We Aa mpd diy 3, ve is "3 C$) fh ne vee 
- My. So ls : “ ‘ . a rile by b Res eet ars Be ase aN oS Lee a tte fea Line es this et Ree me 
ra ‘ 5 se Dae Yr: os A ‘ "se “aha sy fs pa ale . Ai Rant at ‘ ws ah Ri te , Pyne i cre ek yi ite ref : 
F ‘ y a ‘5 oie %s e ai ? oo) he we « series welts hs he fae a 5 a5 ‘ef. Pa’ as Suir i Sh 
A A » 4 ’ i qa 4 ry whee tah iy a ay rh 4 aR AAS 14 are, ") i ot ots oy fyeef, ate ea Sale ’ 
4 ’ an rr » ‘ , ’5 eA “hy m Ae i” =f ' yee "4 “eas! We ate iw olay * y } ¥ Wes fa 2 ed i sed . “st of ead 2) | ibe o faz - Br ae Roe 
Us : a o pe. ee % $) vy i of ‘ ras “ais a ‘! ‘ , Re 'y ? fe re A, hE i ne A nay, cule aie ee be NOS ‘ aS w oe cee Fe te ~ Me e 
' te ay a “ies LY, ‘tye ead mf Ty's; OOny It Ma ae ARS % ofete Hh res ae ad a oe Wn ie ee aes ee Aa UE en ara fer 
aes 0 , : A es a ‘ Jaa Ls bt ule My ‘be ; Wf yy" yey 4) ” ge ve es eof a ® aratin ne 6 my ‘at of tc" ‘a a Ls xe a LA 
a i mata Aa r “e ". % eae J 3 ie * i “Sy fa Hat 143 iy bh eet Jiggs rad ee Ke iy 4 4 arg a Me ‘ 
a A vi \ ene ® F ’ ce La ia . a) wes 2, f 5 rf yt any ts } 1 Tra! en ey be, hat ys : shy o Asha a ai heise’ 4 vr ie 
rm ; é iB “ us 1. 234 p : a me, i % gif als als bead LA 4 5 4 ee Ba ites Ls PRR cehalt Pots Fy 
eee wee a oo /) “e ae Pats ie Aa as e it) ty ue aio aie poke Reh a he oe as Srre Anite ain aos hes aos ts 
fy Fg ’ Be s ys ‘ ae a F Bey at) Me hy ’ 575 Pe ™ ve aly ae - aa “4 +S. v5 25% pipe ey $e rests ¥3 i BAN s ; ds res ice Pht 27% 
: 7 ae Ne ae bata bse a . “pa Le eect eee ony y Pek 
_ oy As ae ie s ’ ae * vy. F Nit “ ’ F TY ' a, 7 oy = x nish? ’ hy : ae ry 3h: sgt? is ra, : a a oe Re ot peo nes Y ie Segre 
: a: ae } ao ie ae abe: . y nN Oe He hes ba ie tah EN 4 ifs yiee Aa ea! Pies "3 rf <5 aes yt ett ue ; 
' ! . att e a ' ay fury” re - & i fe at 7 we ‘ Pe i “% He Path yt te iy 37% 3 tuba | 53 xs wt ry ri ih iia atsh a Pe ra 1 
me ens Cog ae ie 18, ae ‘ a ee a Oe a se ia Ene ie 
‘ ee rs H ie ry} 4 i‘ 4 . v0: 2 4 atayat A 5? sh, oe ed 9 ax vy a5 5 F 
H ' ? H ‘ rr ah Yi A] Loe sy ch ‘ ae e set. “if Hn ty ett P, ya z fs ‘ aN Play 4 Pid ant eee Cd 
cae On ' ' 4 ’ ?? te ae tite iy fii oe ear, Cae . etn ar gfe H \ 4 Has, <3 Ary DoS a AAN tye ; i “at 
any ‘ a ak - } » 5 ! . oe Ms >! ~y e tha ‘ "y s . +h ar) ? * BiG, Nee ty rr deaf ¥ z a * Px Wet ave SAL 4 fey vee 
' x : ‘ ws es i a en aly ‘4 ah i” seta i (and ‘ Pett « * 4 oa Hrs) he hive bo Re 
os. >, Ar ty I : CE ty p ts wf Raa mh sdf eK Ht 3H Aahe es ee eh ee By 
: 3 2 ney SY Vote ts } Ue) ak ae > ieyrat oe ines 49488 eh AI or 
. el be ' h ‘ : ra fs searhveanns hs aye Hi : ‘dat: ti est! bgt EH) oes 
F ar iy pas eB on 2 ial “y’s 5 ¢ Oh Oar | 's T1, Sat 5; tty Oras, she, uss ? “ ee ee &£ +e. ees ue eee 
; ' Mi “a 4 dy ’ “ m a 3 fa Ay 4 7¢ at x | iy \e- iN “Kigeib) at? ee ee ae Seat bat ante A 
% ? F : See 8 Poe : it be e yi 7 y i . ¥ ae ve ety Wr eee 3, LH RL Lan Be a ni aed ase < 
° te a yoy ial wg Lr % | ve Se, me a) iy a gf ts td a4 aig wy i HaNens eer ie if Lee ey 3 
4 . 4 * ‘ 4 Ps ry 1 ry d ry n AP @ 4 Lai) ~ : ~, 
ae aha ane UF " ae Da bKe 7. Ph “ lh ee a pecs $¥diey ee rir Apnea : aie 
. ; : i} F a -. 4 x Pi wD ? 344? 4 : my oa wre os id ' et Raping 4's a ‘eo : Roth cts pet ati ty ns pe Pie 
5) y Le $ 5 sy in le +’ 7 e's om oes Fer wy ty “y Rae heey 2 eae RAY *" 23 AF Pee te ‘ ¥ rh ei] = , walt i Ay ay Heys oy 
' T . i "% ’ e Sy a Fa) 
Ea ee : ne ie: 4), 2 ce yis? my MF ok TBA sy ee ie vie Sik Lo qi 4 ae Fis i ee oe ee 
oar ; . Lees y wk ‘ OF % ets a ee ‘ eH apie’ FOeN ? aire: nen ¥R oe os Fa 3 ane Se | iat 
P , $ ’ a May! 4a ie Nahe ‘3 dey Ny prs Eases # fc ashe 2, : a. * TA, Pe) Ros yi ath wy yt 8 
: f ; "yh : : "3 at ‘i He Nae ts i, & 1s 4 3 bathed Pa ats = AAC ns < to joys ee Ari prt teh ye § eae 4S 
am ei ak AY " *y, My ae 86, * : Cea he Renae: ky Ae Ales oc ape Sati med yok 
eae . Le a; z, NORE " 2 (25. sf ee 3 ss es a Ata A it vy; att ee Yar < +H ee ceergeh ns ee be 
- 4 ie te ’, ae Ps da ie as % t me 5 ai vn ‘ » ; 3, ots ah oF ‘yy, Rie? Pe a! 4, ciate %, pee 3 ry ‘ft ry 1 ae oe oy Ley 4, “4 aye are 
Ue ie vs “)s ' AP MA 1 te : As a Th rs "a aN 40 Gert Pts ae eee af oS t} eyes wa % bs Leg ve eH * ¥ 
ue i ’ é ts Me nce ‘sige, oO “he, AN ee oe el Fy eye deat etd t > y vet Bey Mes Ps 
’ a ‘ ee : 4) 38 a’ fy “yt L , 4 ‘3 a ¥ 4, ' % “h ini “ %% Pils MN yen! ny 7h say K one Hi 2 2 (My tot ? ats a oan “ ad ¢ 
. : rede a. ug : c ie A ae st od b] YAS, “3 © og? te , Biel ae, ’ Aaa He Cus FuF% 4), Ig, +a Lend of i Aastte: La ee ie ip ve 
ee »'s 5 y ie vin a) AE ats H ¥ :, “tye a *y iJ 4, ‘: +] fe vY v t ary oe ty Wate xs, é “Ee OA re oie wea . sate ae ny ie t 
Le os a 4 7% 30, eee 49 eof | ", ¥), iy all x “ vite « € ue vy ae ke Lt * rag a <2.9 ‘ Oe * Fhe ds oe: ie cM gaa cope 
‘ is wae “yt, “Rs +, aa is ee pe A aa a x fr he) atte sf! 0 be Wee at Le Pet cf ae . SG rei Kat AR SS 2 : 
A 3} sy ;, SBS. Un 73's") ‘ayy! ae tie te Bahra? : ee rr *, Cone a ais eo ‘¢ i ok 
oe. ne aK i and Mey a a Aen ay ay ee ea Arty es 2398 ae ya ane i 
r mes res. ‘xy mee ; ai $3 sal 4%, baie wane, A) rape moat! Hee) i ee sates Ane fy 
: ae ee ye aa 5 AAS * rs ty Bat "y; te fot x She 4% . 39, a7 ties AN, te ssh die 3 ti Se 4x0 ee Sieh Ht rg 
sige . 7% ei @ ae jibes 4.3, oY ne e : 5, aria 3, 1g he pag aes a) Lis gate wis nate ae uae A Sica ¥ 
Tey " it oy : #3, a 4 a v 24 Hy Yeoh # ' i es 3s io 3.20, 4 ea ; ate ee nage ‘ya sus 2 2 3X0 COREA f. Beas: cena. ey “Fe eae 
' : 1’) "t “ah ‘ hae AR a eS, ae ¢ pe “< ht Fash), tse of : Khe Mig a3. Ey ay hoy 4 Me peaket es reed 7 ry 
' ° oat a” le a : ° ty ie ot a Mey 4 cae, ’ eis iJ, Pie ik ra wane aes i 3° i me ove ¢ ie PH ae Meade ‘e] uy 3 
: : me aie we ; ee Lon i) a 5*y iy i? ip fy de t if} 3 ae nd a ae at of ? Bitty Uy < er ety 1s Be if aets ets Sa ae 
; : >, ' ' sd vet, Rt i SE "5 : are te 2) * ee ae Beep eh, Fol sie Coy Ane? ig me eS elm ida ne ¥2 woo 
_ : ) ae me F & ; Pel ih) “Hy bye ‘} ry ‘ Cg A ‘ nates has i ie, a ae ryeg ¢ ee Binary ee fi Gey, ee e gee os ze 
’ "sf, ‘A ae . Alp ’, : - ; ; , ReCaee Oy : Li u a os, 4 
F F) dae CP ip } 6 } I i eS ee ei } : ss tha uJ J bers a a 7 Mae Bay eRe i fit, *Z Peres at: ho i) Fad Boe Buns ated Esp ide 
; te 4 yp er, oe er , Ra’ be a if ] ie _ FB ¢ nF Py re 4 a 4e; Aha ‘ fy +, te Bes Pacer t eae ie aS tiiaee Oar ea nee t ne So nie jalee ex Deeg: 
 . ae 4 re rhs sh 53 ome ayy Ls he 4 : of ay as Lege eae i tse sires i : a ie at ae ia ve, r “5 
: ‘ Ms ate F a, il oD \ ae ote : ai “? f eas ji ray “ie es - tye rd es w ht ee ; 
. ' ‘ ‘ > ; P a oh "yeas eg ne ° Sah 24 paid ne fee are ee Dp vit enn Bs 
' 2 ry ‘ a ca 4 a Ss 2 ‘ ay F) ; re F I z 3 ‘ts He EE + Led Gr, * i very if Nila @s. hia 9 pte Rn. ¥ M oo 
oy or ae ba me See ea iad ae qe gh nares Ave ee : ae Ly gtd oer ase tide eee ee f 
rie ny f a ' - P ' a€t Fa } F F < + ay S : 4 
: ' LF *y a yt 1G 4 a's, rae s fyey® ‘. ty Ff Rh 78 t Gy aD : hie as { Arie "3 3 hy ‘ Rei v sua iti a toe} hie Meme nee Rae Ree il eg ae z 
' ‘ § 5. F y ¥ i Wrap > s | ’ . ed ’ a oa Ne f Vy 4 *a iS 4 , 
a : . ines : ie yeas st ree Bone 3. ye eae v ne ost 4 ae 4 me bg PES io) a n PAY dead ee" ea : 
on a oo Mi, > * ; 2, act 2 ont . esi eit ! Ai Lean oy, Roar ioe et, Aaa are “rn AVE ean q peeeey. , cae 
5 - ch ‘ =a 4 . eae ; ys ea 29, “ie | A Aut ol CaS 
OF ; . Br ‘3 bt ay $ ae mn %, % 5 *, x7 ") i ' en reer ee ee e . 43 4 aN o ' Eb en) peel S ae ue Merde fees Pe, i eee 
" a ans . : i. 9 ij / - yee © oF °7 ed ae Ms ue Lee mala if 3 4 oof “hey a: 1 ay . ve mee meee ey bee oe #3 fe ers vse fishy Ad ee ee ey 
' ; r 5 3 , e i 2 4 ' . 7 a ty gee, e. 1 ;, i “} ~ tes” *s ’ ’ q AAG tw: ie OM, bs als 4 pe: Jets 
bee : reds wei oe Pee a ica? nt 5 rd ; ’ oe rei ; en sea rhe 2 pat Fn « Wes A iv ; nate ane ai aie ee, ance y ae gee ies 
$ be a ; . ; , 3 af. i. q "Syl i? a oi. RAE a o ; ah fi, ye 2 Pi ‘A eae a? Os: Pre Mo =, t 
Mi ae es “a ae fue. ame aes aoe eee ra aa Bie ee is sie ee 
x ’ ; ree F f y ea sas ni, RACE 5. ie, “itd 3"*"5 ¥ in am es (ase “i ev, i E: be Lan ig yi a Ey eis hat Si ra $e ane xe 
aie i ‘i; hy ; ., ae t ' te : scr RzA ny on! Be Fy, wis, id By: eet va ae eid : oe ihe see ery sae sg nts esa ae 
' ' , °C, ; 3 h a .' AF i, a Z a + 3 3° ) > 5 b ay a Ya Mec pywe at ‘¥ 4. ere? Ayes Md f 
a ats er 5. eh a fy de Tay Cs ay rane oe ‘ates ia oak! ek Peete eee rns 
ae é ’ ' rs umes “ae ‘ we by ot. “ae, ay to 4 reeaneey bs, Ls r it ae) yo ihe a ad ee Sey i a fy te 4 the oa o3 tt * 
‘ ; ’ , ny ‘ to. 3 ists a ‘ ’ aye eae ane Peay 4 oa vs Sede dd penny oes ny a: Ag ae . 
H ' U2 ¢ 4 a ‘ 4 ‘ oan) 4. bay’ 4 : rey , ’ x ue 9 ‘ af i +8 “25 4 Coes A A é mee “et Pres ae oe Phe a has 
fe bY ‘ at ae. eo ¢ ee ae f ae “3 Rew Y. “a + f be Rs es "3K yi EASED tlle ae eke kasi Ls , ih ser es 
- ® i>, ; Y ae F3 ‘ *y aid 24y i 4 F reas “ ! tts tse “ fas a ry ' awh ff wha “Ag ri wa se en nt yi iN RAL et oN Hal ieee. ‘an ae uF E 
' oe 7 ‘ 5 r y. *! 5 } at 3 ‘ re 3) ‘ ae Kae 7 ne sty" k bee! mp BY eit 1 Oe aS oy bes | spat A we en ‘* nd P) ay rad Re 
: 5 y- é .! Mra 08 ; AN t ted "A Ny See BAS ie at at 3 ‘ ty} * ae : ee Ene aed eed Leg ieee fr cir 
: on YP ty KR WE eds ne ns an send aos hs is ey Hiers whew sol etite eet: wee fecoers y an oh 
‘, ; 5 uy ga ' , J ‘ 5 1 + Pe a > y" ny a Pe ; tae Pree 5 Ps | eons Saas maateys yf" es “ats ae ee Rea NhyS aes teat arts age tf 
5 ’ ; TV} i ‘ a, ‘ Wo 4s ? er Me Bh 4 eh s 4 ; $ ‘ ‘“ au: if aus if +. 4 a" Vi ted ty s\ en ry 7) we % ue ate aS, Pi ee ee LADY . f; 
. ms tp cose # Hy" Wee ¥ 4 Ey cies Sep Si w% rae | "g oy y 38 ty, 
r, . 3 5 : ] A -¢ ? an" a ENT "1 ‘ +4 & + esi vy Lins ct Pp a2 a -' Ay iy ah +33 2 rt o Pia _ d “ite nee Ly We) aA oe es gC e , 2 Y tid ; 
YS a. , Hee 5 , P ay? a ‘ 3 , aU Jy, ty a ¥ “ A he ie see Ai tN Be is! wee Gl a ee Ss weldigeal ey one pean a ig f aes eae bee . Fre v. 
’ ; ae ‘} rh nF 7h, a 2 eases sm ft ; ino ‘ Payor ee be ipp a 4 ts ’ “¥ ef oun wag iy? iy sc) af) FIL s bY dati! 
’ Fs 1 s x 4 ‘ 4, <a ape «7 f oe 47 ed # > a4, } : 4 Ly ay e. er ore Sie SF re, er tie pt ak wily fe att ei ae, rs ve id 
‘ yee e a "pie wy. “ae “4 a, bis ube Lane eae , ae 2 Bidet, V9) rate Hie ae ve oes ets vi ienaras ‘ rd 
; oo : ¥ ' i * q  . “+, oe 4 * ba! ast La: .o ee ieee ‘ve iS oor i 
i : ; ° e. ‘ F , a; AP HO ee ’ eae *é, vit if (- nay re) ie oRtoe cI 1" ese amen Bins it iain en ns “ft aon iy 4 im pe : d 
: ‘ ; ’ H] t *s ¥, ¢ oP r] § ' 25) 5 Phe ' gy “as Wire mn Dae ae he ae “o es 4 ft A nae ete bite ee } Pare bg wey ie “if! 
; : F $. ry $1 ere ay } Lbs i OG 5, o? ‘; we . ‘ie iy at, a v: "Sy “> os ’ a) is ) z Ped }: or f 7, a pene pets Pa ke 
. } ; y a I, y } ; a 4 oe Rios 4 ny 1 "s Re mee qatat Pht in ee % ¥ ee sate amy a ue oe 
‘, . ’ . ‘ P he s 4: ¢ i bd - , fi ¢ 9 ,! 
aay: 2 rid “iB rae ee ee an eee Die ae i; “hae i ge i far os Lily aT) poeta an ats a ae : 
‘ ee ; et ae Lars ane, eu, re) mh i Gas hy ‘ie ‘ pays oe say Nice Re Mie ts =¢ 5, 
cad ‘ } ‘ ry i ‘ Lae) ; ue Ad a . . pase Ma ip % Beg: 4 igo elr Mek a ee Pies Oye BE oes 8 OF, Be ite ee. Re Ant 4 Tide 5 , f aa oa at a Has 
af sha, : yn "4 ee Ee : ee ‘er. A tp orn aye e * ‘a ee, Hats tine ‘ee HN ee sate 
ctie : 4 ;° ie te va me yey one f Y rete Shaye eID ” be Me fees 
es ian 2 ae ’ a4 ‘d Bee i ra Aga or. da t,tenbie “# is 
' a, ‘ies fe ¥ ’ *, - zt rey 4 ry d ; pay a é 4 hic *, ‘ oy 4, hg Q Loe % > + ri % . ae 
1, , e's s F ap $e id ‘ $3 ‘tae fe fe: F dN wy 2 rp ae ‘rs % P) fee 1D 
: ; ve " joa "ay, at i) it ed 2 3 ae Pats es 3 7 vy ry «i at iae Pies ae Atay Bip ate 
4 be e ‘ a $F “ re - tf > a4 s ia” t.? t H | ay y + 3 bai et A e) cn e* Fa e; pan #03 rie Ney PAR est fe 
Gui ' ' a ¢ ; , ' te als . , , oy. ay f ae a vy s) Cae AES wae ad ete U hs n'y Ae eas si mh 
; F ’ : } ee a7 ~~ *y, 1; a} i’ J vw z ; ’, yet tt 7 ble i ah yy Ae, ‘a Ty a os gree ; rns tie May pene ay Pie as, o ae die 
. 3 ‘ a i ‘ , ¢ Pst ae, a A “ ‘*, , eu 3 i, od we v a a. a om € > 
- ; ry a eye ts ry ie i a aA Ru te Ae 1 aye Us rane fe oa, ga Bey: Meena Oe ga 
| s <p or H ‘. re Aa ") =A “ Bs i ‘ ‘ye A rhe ta ¥? Bo te ‘ one "ee 4. Ray 7 8 oe a 
é a H uy, ’ ay / Ele ty Wore elie Gea y eee ap 4 os a 
, ; ei , ae F yee” , oe ry age Ry Ne Ms a ys ’ ? 
ae Mies, ; se ' ; it Pe. *, m ts i ‘ei a fl fit a , V9 é get eh a ee wee ay a ae ee 
‘ ) ‘4 “4 , 4 “% J Bath eh * 2 te i ee + 
on iD a : ; we P } ; 5 4 ? *y ? . si 5 ris Mes ? 37) ’ aK i ph Ph aah Hs ey: ie 7 Siac ds ae 
i ‘ . , ‘ ‘ > + ey eth ’ a me ATs “sp! . a ty, core id a fait ia s 
sae ' a ee ’ dy hee ae Agr: } aay “i ‘Sy ie eV reine Haye sa ae ul £3 rf as RG nenee any 
‘ t, # + , 4 ’ oe aes ‘3 sj , "he AP $i mee in a) pels, } Fs fy Oe he me ie ae Bes x 
‘ ‘ ; i 2 , oa of us ; eee 5 ) . Pa, x an its 5 Nite si2 sie! 
bd " : ’ . . ; ; - 30. ‘ve *; an 2 Ph ¢ y é Pa 4 % “ , aan ey a Wy " Ps ade a oo i shi pe Cae ae tye 
P 4 oP} a ’ e 4 + é 4 . wea 5 ig ae $ r yg ¢. vo cr y Bead ae On 
; fae ‘ 7 2d ih 2 & OY pe rb a > ate BH, s oy Bs He ead 
’ ‘ a6 A ¥ 3 fie ee: e¥a5 } te a 2 * 4; %, 
Oe ae = ’ a 5 f U f A ia Ure 1 , nee iy hy i vad 4 ve a iss Lay 4 
be a i a Pf ‘ f Cae | ; 4 . Pes ty i] i Ween a ¥ oe f s te fe % % 
ros ‘ ie 2 tie vi re, H ‘oes ; ie Cas oie on Wee as A He hi Ses A ae P Serine 
oe + i Z id . i a + te a fy.) # vi je ae eye Py 
4 bos 1 ae ' i fe Ue, , aN ray i ry ag "3 Any ey: y : 
’ r 7 a ; 1 eg a: 3 ‘ ous Ly f ga ¢ " ae ge es “4 tae ws va he eatin es shee ee ried 
‘ ' ’ ' ‘ “alr de a Ss sinh bo ae nM ‘: 
s oy F ’ é F ‘J ¥, P ) ’ e +4 e, A%, oie 3 2, ok vw - ay We 
‘ 2 ‘ - i: r’ key sa ‘ ‘ i a 4 ‘ 58 ica , ; jad i, pgs 
4 ' ‘ ts ’ i} A ity i fk y og yyy Pi 2M 
' : _ a 5 ‘ # 7 a, } ‘, an iH, : = ees ui ioe Sota ste sets ‘ iy me 
5 ? 4 in i bea Rey Ye i$ Tae i ‘ 4 ¥ 
i hehe, awe : ot a hy ie “ae: a 1 A peat Rave ae ae 
» 4 ie ‘i 1s } i ) 3) ir 4 4 F eee . hi i th 2 ee) eS! way 
a : * eins 2 ; be tte i ie ie, ae ? sai ail Rtg “ays ue 
' ' i as ; oY 1 or i, ys 3 Ng g tA . is. pias Fi a bag ? sa a, 
Sa ? oe a é ’ 2 i 5 4 : a te Westies & y Pe, 
i at, r ; Hee i fi Pre if j iN = fata aes 
‘ = ; 4 io ‘ i; ; * ' ar 4 my ae i af) 7 
: 5 é ne j is, “ 40 7 tal a 2 4 ee i ih er ay 5 
on. ‘oe , ’ i vat ’ 4 % rs LP r . éy ote, th =, 
by ' ae . ‘ “y Va fs : wer Py apt 
> A A o, ¢ . i ; 
ML | ; i 2 LIN 3 r; is 4 5 } a 5 ay vs , a i dé ry a! | 2 
' oy ‘ ‘ ' PED é fo. i . 4 or | ad 5, a 
‘ Li as ‘F : ’ 4 & r i 2 . 4 ¢i 4 mY 
; , ; Y, Pte vy o ie My A ' 
’ ae 5 re wr . j ‘ ‘ 
eR : oe 14 Pa 
oe ih " a as, ve ie : 
. * , F i 
, ae ” ? ‘ 1 vi 
: ; c tr e. ‘a ii 
= a he ‘2 4 MI ty , 2 
a J 1 j P 
cr é ‘ 4 be Le . 
i ; ear 4 t a } . 
a 
, ea t 
Sue s KY i a] £ rhe A J 
‘ f ae ihe 
Bi , 4 
4 . 
y 3 ee 
‘ 
‘1 ' 

















NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


STABILITY AND CONTROL 
FLIGHT TESTING OF A HALF-SCALE 
PIONEER REMOTELY PILOTED VEHICLE 
by 


Kent Robert Aitcheson 


September, 1991 
Thesis Advisor: Prof. Richard M. Howard 





Approved for public release; distribution is unlimited 





7 
- 
‘ 


Unclassified 


Security Classification of this page 





REPORT DOCUMENTATION PAGE 


la Report Security Classification Unclassified 
2a Security Classification Authority 


2b Declassification/Downgrading Schedule 


4 Performing Organization Report Number(s) 
6a Name of Performing Organization 6b Office Symbol 
Naval Postgr aduate School (If Applicable) 67 
6c Address (city, state, and ZIP code) 

Monterey, CA 93943-5000 


Sa Name of Funding/Sponsonng Organization [5b Office Symbol 
(If Applicable) 
















1b Restrictive Markings 
3. Dzistribution Availability of Report 


Approved for public release; distribution is unlimited. 
5S Monitoring Organization Report Number(s) 
7a Name of Monitoring Organization 

Naval Postgraduate School 

7b Address (city, state, and ZIP code) 


Monterey, CA 93943-5000 


Y Procurement Instrument Identification Number 




















}8c Address (city, state, and ZIP code) 10 Source of Funding Numbers 


11 Tite Stability and Control Flight Testing of a Half-Scale Pioneer Remotely Piloted Vehicle 


12 Personal Author(s) Aitcheson, Kent R. 
13a Type of Report 13b Time Covered 14 Date of Report (year, month,day) 15 Page Count 


| Master's Thesis From To 1991 September 25 75 
116 Supplementary Notation The views expressed in this thesis are those of the author and do not reflect the official 


policy or position of the Department of Defense or the U.S. Government. 
17 Cosati Codes 


oe 


9 Abstract (continue on reverse if necessary and identify by block number 
Stability and control flight testing was conducted on a half-scale Pioneer remotely piloted vehicle. The aircraft 
‘was instrumented with sensors to measure flight control deflections, angle of attack, side slip angle, and airspeed. 
A developmental telemetry transmitter was installed to send the information to a ground based receiver where it 
was recorded for computer processing. Flight tests were conducted to characterize longitudinal static stability by 
varying the center of gravity to determine the neutral point. Directional static stability was characterized using 
steady heading side slip flight tests. The telemetry system's performance was acceptable and the directional 
| stability data correlated favorably with data gathered from wind tunnel testing and computational methods. 
Longitudinal stability was more difficult to characterize due to limitations of elevator deflection resolution and the | 
amount of data gathered. Additional flight testing will be conducted to tune the telemetry system with the data 
{collection sensors, and to increase the Pioneer static stability data base. 





18 Subject ‘Terms (continue on reverse if necessary and identify by block number) 


RPV, Longitudinal Stability, Directional Stability, Telemetry 


20 Distribution/Availability of Abstract 21 Abstract Security Classification 

unclassified/unlim ited g same as report [| DTIC users Unclassified 
22a Name of Responsible Individual 22b Telephone (/nclude Area code) 22c Office Symbol 
Richard M. Howard | (408) 646-2870 AA/HO | 
DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted security classification of this page 


All other editions are obsolete Unclassified 


Approved for public release; distribution is unlimited. 


STABILITY AND CONTROL 
FLIGHT TESTING OF A HALF-SCALE 
PIONEER REMOTELY PILOTED VEHICLE 


by 


Kent R. Aitcheson 
Lieutenant, United States Navy 
B.S., Whitworth College, 1983 


Submitted in partial fulfillment of the requirements 
for the degree of 


MASTER OF SCIENCE IN AERONAUTICAL 
ENGINEERING 


from the 


MY 4 Sr 1 ve — =] 


ABSTRACT 


Stability and control flight testing was conducted on a half-scale Pioneer 
remotely piloted vehicle. The aircraft was instrumented with sensors to measure 
flight control deflections, angle of attack, side slip angle, and airspeed. A 
developmental telemetry transmitter was installed to send the information to a 
ground based receiver where it was recorded for computer processing. Flight 
tests were conducted to characterize longitudinal static stability by varying the 
center of gravity to determine the neutral point. Directional static stability was 
characterized using steady heading side slip flight tests. The telemetry system's 
performence was acceptable and the directional stability data correlated 
favorably with data gathered from wind tunnel testing and computational 
methods. Longitudinal stability was more difficult to characterize due to 
limitations of elevator deflection resolution and the amount of data gathered. 
Additional flight testing will be conducted to tune the telemetry system with the 


data collection sensors, and to increase the Pioneer static stability data base. 
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I. INTRODUCTION 


In his book "On War", Clausawitz discusses intelligence in war. He 
postulated that once war began information would become slowed, tangled, and 
in general, untrustworthy. He said that “many intelligence reports are 
contradictory; even more are false, and most are uncertain...the task becomes 
infinitely harder in the thick of fighting" [Ref. 1:pp. 117-118]. The efficient and 
accurate flow of information has always presented problems to battle 
commanders and Clausawitz's theory has been proven many times. In particular, 
field and fleet commanders have especially needed accurate information on the 
position and strength of opposing forces, targeting and battle damage assessment. 

When the military began to use aircraft, the capability of gathering 
information was greatly enhanced. Ajrcraft, including blimps that carried 
observers aloft, extended the ranges and heights necessary to increase the speed 
and accuracy of intelligence. 

Along with increases in aircraft technology came increases in electronics 
technology. With the advent of radar in World War II, enemy aircraft and ships 
could be detected and located beyond visual range without endangering aircrew. 
Still, there were many limitations to these older systems. Ships could hide over 
the horizon and aircraft could hide behind terrain making them invisible to 
defenders. Ground forces were impossible to locate with radar and even heavy 
weather could degrade these systems capabilities. 

Inevitably, adversaries began to develop counter measures against these 
electronic and airborne assets. As aircraft became faster and more sophisticated, 


counter measures also improved at practically the same rate. By the end of the 


Vietnam War, supersonic aircraft were flying over target areas after strikes to 
photograph battle damage. While doing so, they had to dodge high-speed 
surface-to-air missiles capable of several times the speeds and g-loadings, and at 
any altitude the reconnaissance aircraft could fly. However, before aircraft had 
the opportunity to fly over a target, even if the target were undefended, they 
had to be launched from ground bases or aircraft carriers. With bad weather or 
rough seas aircraft could not even get airborne. 

Today, the capability of anti-aircraft missiles has increased even more to 
where they seem nearly impossible to defeat. As reconnaissance platforms 
became more complex their cost increased extraordinarily. With the increase in 
defense system capabilities and the possibility of losing aircrews and 
multimillion-dollar platforms, alternative methods of information gathering had 
to be made available. 

In the 1970's and 80's, the use of satellites was coming into full swing and 
imaging from space was improving by leaps and bounds with fantastic results. 
The cost of satellite programs was just as impressive! As seen in the war with 
Iraq, any kind of cloud cover or other obscuration could degrade or eliminate 
expensive space-based assets. Field commanders could not afford to wait several 
days for storm fronts to pass to receive information, even if the news they finally 
received was crystal clear and 100% accurate. In the end, timeliness of 
information is usually as critical or more critical than accuracy. A need had 
developed for some type of intermediate, flexible, autonomous, low-cost 
intelligence gathering system. One solution to this problem was to initiate an 
unmanned air vehicle (UAV) program. Currently, the U.S. Navy is part of the 


joint armed services UAV program which is discussed in Chapter II. 


Il. BACKGROUND 


A. HISTORY 

The Pioneer Remotely Piloted Vehicle (RPV) was originally developed in 
Israel and is currently produced in the U.S. by AAI Corporation. In 1982, 
Unmanned Air Vehicles (UAV's) were used by the Israeli armed forces to locate 
and characterize Syrian surface-to-air missile sites using imagery and electronic 
warfare packages [Ref 2:p. 47]. This type of employment was truly a first in the 
history of war fighting and the results of these operations caused the U.S. 
military to take a serious interest in UAV's. In 1983, Commandant of the U.S. 
Marine Corps General P. X. Kelly, along with Secretary of the Navy John 
Lehman, realized the value of this type of system and initiated development of a 
UAV program. The Ist RPV Platoon was formed in 1985 and deployed aboard 
the amphibious helicopter carrier U.S.S. Guam [Ref. 3: p. 9]. 

The Pioneer reached a height of notoriety during operation Desert Storm. 
Marine Corps Commandant General Alfred Grey told Congress that "[the 
Pioneer] was extraordinarily successful." Six Pioneer tactical units were 
deployed: three were with Marine ground units, one was with the 7th Corps 
Army and one each deployed on the battleships Wisconsin and Missouri. Each 
unit operated five vehicles. Pioneer logged 1,011 hours during 307 flights and 
were equipped with either television or forward looking infrared (FLIR) 
cameras for day and night operations [Ref. 4: p.86]. 

Pioneer was used for everything from spotting naval gun fire from the 


battleships during shore bombardment to flying strike aircraft and helicopter low 


level routes prior to actual missions. This latter mission gave aircrew the 
opportunity to preview the route’s terrain and identify the target and any threats 
that might have been present. During the conflict, two Pioneers were lost to 
anti-aircraft artillery (AAA) while three were hit and damaged but were 
retrieved, repaired and returned to service. Five were lost to non-combat 
related causes [Ref. 4: p.86]. 

Pioneer is a very capable system. The full-scale version has a 17-foot 
wingspan and weighs 420 pounds. Maximum speed is about 115 miles per hour 
and the vehicle can operate up to an altitude of 15,000 feet. It has a range of 
about 100 nautical miles and over four hours of endurance. However, in 1988, 
huge cost overruns by Lockheed on the Aquila system prompted Congress to put 
a freeze on all RPV procurements [Ref. 3:pp. 10-11]. These problems put a halt 
to UAV procurement but with the overwhelming success of Pioneer in the war 


with Iraq, the future of UAV's would seem to be secure. 


B. DYNAMIC MODELING 

Scale models go well beyond being entertainment for hobbyists and can be 
considered precise engineering tools when properly constructed. Ideally, the 
engineer should strive to create a dynamically similar model which is “one whose 
size, propulsive power, weight and weight distribution are all in scale with the 
full size aircraft being simulated [and] responds to inertial as well as 
aerodynamic forces." The scaling factor (A) is defined as the reciprocal of the 
linear scale. Thus, for a half- scale model the scaling factor is A=2. If a model 
is made as large as possible (small A) weight scaling is easier, Reynolds number 
is easier to control, reactions to control inputs are more realistic and moments of 


inertia will be more accurate [Ref. 5:pp. 30-31]. The half-scale Pioneer model 


used at the Naval Postgraduate School (NPS) is geometrically similar to the full- 
scale version except it does not have the new extended horizontal stabilizer as on 
the full-scale unit. The half-scale is not designed to be dynamically scaled for 
weight or moments of inertia, however. Since static stability and control 
parameters were the characteristics under consideration for this study, dissimilar 
dynamics was not a concern. 

For air flows to be similar, two of the more critical parameters that must be 
controlled are Reynolds number (Re) and Mach number (M) [Ref. 6:p. 27]. The 
Reynolds number is a dimensionless parameter that incorporates density, 
velocity, size and viscosity, all of which contribute to the energy state of a flow. 
The equation for the Reynolds number is Re=pVc/lt (or Vc/v where v is the 
kinematic viscosity U/p). Friction forces dominate when Re is low. Low 
Reynolds number is a characteristic of slow speed, small reference length 
(reference length for an aircraft is usually the wing chord length) and lower 
densities (such as those experienced in high altitude flight). Inertial forces 
dominate when Re is high. High Reynolds numbers are associated with fast speed 
and higher densities (such as in low altitude flight). Reynolds number is 
commonly used to compare different flows and to characterize whether the flows 
are laminar, turbulent or somewhere in transition. Mach number is the ratio of 
free stream velocity to sonic velocity. 

The influence of the two factors just described cause scale models to suffer 
increased drag and decreased lift at their relatively low flight velocities. To 
minimize these effects, Hall suggested that Re for a model be kept greater than 
120,000 (the higher, the better) to avoid the penalties of friction drag and 


laminar flow separation [Ref. 5:p. 32]. Since the half-scale Pioneer flies at 


airspeeds that constitute negligible Mach number, Re is the most important 
parameter to control. At an airspeed of 60 miles per hour on a standard day at 
sea level (typical flight condition for the half-scale Pioneer) the Reynolds 
number is approximately 545,000 based on the chord length of the wing. This is 
sufficiently above the suggested 120,000 limit to avoid the penalties associated 


with low energy airflow. 


C. NAVAL POSTGRADUATE SCHOOL INVOLVEMENT 

To update and improve the Pioneer RPV and other UAV systems, the Pacific 
Missile Test Center (PMTC) at Pt. Mugu, California has been designated in the 
Unmanned Aerial Vehicles Joint Project charter to be the test and evaluation 
center for all joint projects. The Naval Postgraduate School (NPS) in Monterey, 
California acts in support of the UAV office at PMTC through tests and 
evaluation with scaled models, wind-tunnel testing and numerical modeling. 

A wind-tunnel test related to the half-scale Pioneer was conducted at NPS by 
Tanner in March, 1989, to determine propeller efficiencies and thrust 
coefficients for drag studies [Ref. 9:pp. 51-56]. Bray assisted the Target 
Simulation Lab at PMTC in conducting wind-tunnel tests on a 0.4-scale model at 
Wichita State University to determine the static stability and control derivatives 
for use in simulation for UAV training [Ref. 8:p. 33]. 

Flight testing has been on going at NPS for several years, as well. Tanner 
also conducted flight tests of the half-scale model from which the drag polar was 
constructed [Ref. 5:pp. 27-29]. Salmons initiated static longitudinal and 
directional stability flight testing in September, 1990. Current flight testing 
continues the longitudinal and directional stability tests conducted by Salmons 


using an updated and refined data collection system described in detail later. 


Future flight testing will be designed to investigate the dynamic qualities of the 
Pioneer. Plans are also being considered to replace the current Clark Y airfoil 
with a new design in hopes of increasing performance and to add a new tail to 
better simulate the full-scale Pioneer's configuration. 

Computational modeling was initially conducted by Lyons in June, 1989. 
Using the low-order panel method code PMARC obtained from NASA-Ames 
Research Center, he determined the curves for lift coefficient (C,,) and moment 
coefficient (Cy,) versus angle of attack (a) along with other measures of 
longitudinal and directional stability and control. He was also able to predict the 
drag polar using drag build-up techniques and induced-drag results from his 
numerical work [Ref. 9:pp. 11-48]. Plans for future computational experiments 
include using a parameter-estimation scheme along with flight test data to 
improve the predicted values of the stability and control derivatives of the 
Pioneer. With accurate estimates for these derivatives, a valid model for the 
motion of the full-scale Pioneer can be developed. An accurate model would 
allow programming a simulator for improved aircraft operator training, 


reducing the risk of losing an aircraft. 


D. SCOPE 

As mentioned, static stability flight testing of the half-scale Pioneer was 
initiated by Salmons in September, 1990. The aim of his investigation was to 
determine the neutral point and to characterize directional stability [Ref. 10:pp. 
23-25]. Several problems were identified pertaining to his tests. Primarily, 
vibration caused high-frequency g-loading which interfered with the seven 
channel data recorder carried in the aircraft fuselage. A suspension system was 


engineered to reduce the affect of vibration but data collection was still impaired. 


Vibration was great enough to cause significant scatter of the data which 
precluded drawing definite conclusions about the characteristics of the aircraft. 

Another problem with the previous configuration of the half-scale model was 
the use of the flight control servos as data collection instruments. Small 
potentiometers inside the servos were wired to measure voltage changes as the 
control surfaces were displaced. With these two systems combined, the 
possibility of loss of controlled flight caused by interference between them 
caused some concern. Also, the voltage range of the servo potentiometers was 
quite narrow (less than one volt). That is, each degree of control surface 
deflection produced a very small change in voltage output. Lastly, the reference 
voltage to each servo was different, resulting in a lack of standardized output. 

Some of the problems encountered by the full-scale Pioneer have included 
apparent autopilot-related pitch instability at high altitudes as well as limited 
lateral control and degraded maneuverability during the approach flight phase 
[Ref 11: p. 4.4-1]. Currently NPS operates its half-scale model of the Pioneer 
RPV to investigate these problems and act as a test bed for future projects. 

The research for this report focused on investigating a means of effectively 
gathering data from which longitudinal and directional stability could be 
characterized. To accomplish these goals, modifications had to be made to the 
flight control and data collection systems to completely separate them into two 
independent systems. Then, to further increase the quality of data collection, a 
telemetry system, developed in separate research, was incorporated to eliminate 
the need to carry the cassette data recorder on board the aircraft. Once the 
hardware changes were made, flight testing was conducted to clarify the work 


begun by Salmons. 


Ill. SYSTEMS 


A. ELECTRICAL SYSTEM 

The electrical system's original configuration used a single power source. A 
4.8 Vdc, 4000 mAh, NiCd battery supplied power to the flight control radio 
receiver which distributed power to the flight control servos for control surface 
deflection. Power was simultaneously supplied to small potentiometers located 
inside the control servos. The servo cases had been opened and wires connected 
to these potentiometers so that measurements of voltage changes commensurate 
with control surface deflections could be made (this was not a function intended 
by the manufacturer). The system also had a dc to de converter connected in 
parallel with the battery to convert its 4.8 volts to +15 volts for powering the 
airspeed transducer. A circuit parallel to the dc to dc converter stepped down 
the 15 Vdc to 10 Vdc to power the a-B probe potentiometers [Ref. 10:p. 12]. 

Although the original arrangement seemed to be an efficient use of space and 
equipment, several problems arose. These problems included too great of a 
demand for power from the battery, too small of an output voltage gradient 
from the potentiometers inside the flight control servos, and concern about 
interference between the control function of the servo and the data collection 
function of the servo which might lead to loss of control of the aircraft. Also, 
there was no standardization of input voltage to the various data collection 
potentiometers. 

The first step in correcting these problems was to separate the control system 


from the data collection system. Low-torque potentiometers were installed next 


to one aileron, one rudder and the elevator and the leads to the flight control 
servo internal potentiometers were disconnected. While the previous 
arrangement required two output wires from each servo's internal 
potentiometer, the new configuration required three leads per potentiometer. 
One wire supplied power to the new units, one was for the variable "wiper" arm 
and another for the ground. A 5 Vdc power supply was provided by the newly 
incorporated telemetry transmitter unit to the new potentiometers (discussed 
further in Section C of this chapter). Previously, the control servo internal 
potentiometers received power from the battery through the radio control 
receiver when the control system was activated. 

The above modifications resolved most of the problems previously outlined. 
The control system was completely separated from the data collection system, 
removing the possibility of losing control of the aircraft through interference. 
The 4.8 Vdc battery was used to power only the control receiver and to supply 
the dc to dc converter with power for the airspeed transducer. The 10 Vdc from 
the converter was no longer necessary for the a-B probe potentiometers since 
they were connected to the telemetry transmitter power source. The telemetry 
transmitter had its own 9.6 Vdc power supply which it converted to 5 Vdc to 
operate all of the data collection potentiometers. This modification reduced the 
demand on the 4.8 Vdc battery (considered to be the main battery) and 
standardized the input voltage to the potentiometers. The output voltage gradient 
from the potentiometers was enhanced using a gear system that is explained 
further in Section C. 

In the original electrical system, each of the control servos (five, not 


including the flap servos) were wired to measure voltage changes from their 
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internal potentiometers. There were ten input wires from the five control 
surfaces and six more leads from the a-B probe and the airspeed transducer (two 
wires each) for a total of 16 leads for eight inputs. Also, at one time, there were 
sensors to measure engine rpm and the g-levels caused by vibration. A total of 
ten measurements were available for input to the data tape recorder at any given 
time. The data recorder could handle a maximum of seven inputs. To allow 
selection of the desired inputs for a particular flight test, a 16 switch selector 
board was designed and mounted in the aft end of the fuselage [Ref. 10:p. 46]. 
The new electrical system was fitted with a nine-wire ribbon for data collection 
from the three new control surface potentiometers and for direct input to the 
telemetry transmitter. The o-8 probe and airspeed transducer inputs were 
retained and they also went directly to the transmitter. The remainder of the 
inputs were removed so that only six channels were necessary for data collection. 
To simplify the electrical system and reduce weight, the switching panel was 
removed. 

Since the control servos and the data collection potentiometers were located 
at the control surfaces and the radio control receiver and telemetry transmitter 
were located in the fuselage, a disconnect system was needed to allow removal of 
the wing and the tail boom assembly from the body. Previously, clip-on type 
computer connectors were used that attached to the ribbon wire by pressing 
sharp, metal contacts through the insulators of each wire. The strong vibration 
levels of the aircraft caused several wires to fail and break contact. After 
replacing the old ten-wire ribbon with the new nine-wire ribbon, the old 
connectors for the data collection system and also for the 21-wire servo control 


system ribbon were removed. The old connectors were replaced with cannon 
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plugs that had soldered leads, each of which was wrapped in heat shrink, with the 
entire bundle supported inside the collar with foam rubber to reduce vibration 
Strain. Overall, the modifications (which includes the installation of the 
telemetry transmitter) reduced the dry weight of the aircraft by one pound to a 
total of 31.3 pounds. Appendix A, Figure A.1, has the general wiring schematic 


for the new electrical systems. 


B. FLIGHT CONTROL SYSTEM 

The half-scale Pioneer is configured with ailerons, twin rudders, elevator 
and flaps, all of which are actuated by radio-controlled servos. The flaps were 
added to the half-scale model as a safety feature for landings and were not on the 
full-scale, operational vehicle. Two elevator configurations have been used on 
the full-scale Pioneer. The current operational aircraft has a horizontal 
stabilizer and elevator that extends outboard of the tail booms with 
approximately fifty percent more surface area than original full-scale Pioneer. 
The larger tail was added to increase elevator power as well as longitudinal 
stability. The NPS half-scale plane has an elevator proportional to the small tail 
on the original version of the full-scale Pioneer. 

The previous section discussed some of the problems associated with the 
electrical system before modifications were made. One of the primary reasons 
for separating the flight control system and the data collection system was to 
eliminate the possibility of losing control of the aircraft from interference 
between these to systems. To use the servo as a data collection instrument, it was 
opened and wire leads were soldered to the small potentiometer inside the servo 
case. An aileron servo had failed and was replaced after it malfunctioned during 


ground tests. There was speculation as to whether the failure was caused by 
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vibration or from the addition of the wires for data collection. Fortunately, the 
_ problem was discovered before flight. Figure A.2 shows the schematic for the 


flight control system. 


C. DATA COLLECTION SYSTEM 

The new data collection system can be divided into the flight control system 
instrumentation and the telemetry system. The control-surface potentiometers 
had to be sensitive to small control deflections and at the same time be resistant 
to the effects of vibration and noise. The telemetry system allowed the data tape 
recorder, which was very sensitive to vibration, to be removed from the aircraft 
and relocated with the ground-based receiver. The entire data collection system 
was separated into a stand-alone system. 

1. Flight Control Instrumentation 

The voltage gradient produced by the small internal potentiometers 
from control-surface deflections was less than one volt for +20° to -20° of 
movement. The narrow band of voltage from the servos made their data 
susceptible to vibration and noise from electrical interference. The gearing 
system adopted with the new potentiometers delivered over four volts for the 
same range of control surface deflection. Some problems of compatibility with 
the telemetry system arose for this large range of voltage input and are explained 
later in Chapter IV. 

Individual low-friction one-turn potentiometers were installed to 
measure the control deflections. Because the ailerons move in equal but opposite 
directions and the rudders are redundant, only one of each of these controls was 
instrumented. The elevator was also instrumented. Specifically, these 


potentiometers measured da, de and O;. Figure 3.1 shows the position of the 
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flight control servos and the data collection potentiometers as they were mounted 


on the airframe. 
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Figure 3.1: Position of Servos and Potentiometers 


To use a majority of the deflection range of each potentiometer, gear 
sets were used to multiply the amount of servo movement. The available 
potentiometer throw, as seen in Table B.1 of Appendix B, was 330°+ 5°. The 
control servo output wheel only rotated approximately + 30° from the control 


surface neutral position and the actual amount of control surface movement 
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needed to control flight was substantially less. To increase the amount of 
potentiometer rotation per unit of control surface deflection, gears were installed 
to create a ratio of 3.5 to 1. An 84-tooth, 32-pitch, 20°-pressure-angle gear was 
mounted on a 7/8-inch-diameter servo output wheel for the three desired servos. 
A similarly-dimensioned 24-tooth gear with integral set screw was used on each 
corresponding potentiometer. 

These particular gears were chosen to strike a balance between creating 
a suitable ratio (maximizing potentiometer range while minimizing the 
possibility of control binding) and allowing enough lateral distance between the 
two units to facilitate mounting. The potentiometers were first mounted on small 
aluminum plates; then, one plate assembly was mounted next to the right aileron 
servo on the wing and one next to the servo that controlled the elevator. Figure 


3.2 shows how the rudder potentiometer was mounted. 
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Figure 3.2: Rudder Potentiometer Installation 
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If desired, the gear ratios could be changed by constructing a new plate 
for the required post-to-post distance corresponding to the sum of the radii of 
the two gears. The rudder was a semi-permanent mount in that a single hole was 
drilled in the left tail boom forward of the servo. If necessary, mounting could 
be done on the right tail boom. Each potentiometer was mounted with rubber 
washers on top and bottom of its respective plate to help reduce the effects of 
vibration. Calibration is discussed in Chapter IV and Figure A.3 shows the 
schematic for this system. 

2. Telemetry System 

The previous data collection system used a seven-channel analog tape 
recorder mounted in the fuselage of the aircraft for recording data output. 
Vibration, however, prevented the system from functioning properly causing 
large scatter of the data. A suspension system for the recorder was engineered 
and tested, but there was no significant reduction in scatter of flight test data 
[Ref. 10:pp. 15-22]. 

To eliminate the affects of vibration on data collection, the CHOW-1G 
telemetry system was developed [Ref. 12:pp. 5-27]. The telemetry system 
consisted of a seven-channel airborne transmitter and a ground-based receiver. 
The transmitter gathered the analog inputs from the aircraft potentiometers and 
the airspeed transducer, converted them to digital signals, then sent them to the 
ground-based receiver via a seven-pulse serial wave (one pulse per channel). 
The receiver decoded the digital signals and converted them back to analog 
Output recorded on the original seven-channel tape recorder. The data recorder 
was now located with the telemetry receiver on the ground where it was no 


longer subjected to vibration and was able to record the input cleanly. 
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Two of the problems associated with the original electrical system were 
excessive demand on the 4.8 Vdc main battery and non-standard input voltage to 
the data collection potentiometers. The demand on the 4.8 Vdc battery was eased 
by using the telemetry transmitter's 9.6 Vdc, 500 mAh, NiCd battery as a power 
supply for the potentiometers, as well as energizing the transmission circuitry. 
The telemetry transmitter converted the 9.6 Vdc potential to 5 Vdc to power all 
of the data collection potentiometers which, in turn, standardized the input signal 
to the data sensors. A complete description of the telemetry system is found in 
Reference 12 and Figure A.4 shows the diagram for the telemetry transmitter 


input plug. 


D. ALPHA-BETA PROBE 

The probe used for measuring @ and B consisted of a 17-3/4 inch stainless 
steel probe shaft with two separate, continuous-turn potentiometers mounted on 
one end. Brass vanes were mounted on the potentiometers to translate air stream 
variations to the potentiometer spindles. The probe is pictured in Figure 3.3. 
The probe mounts to the fuselage by slipping the shaft through a hole in the nose 
of the aircraft and through a hole in the mounting block approximately five 
inches aft of the nose. It is secured on the end by a nut and is kept from rotating 
by a locking pin that slips through a collar on the mounting block and through 
the shaft. The nut and locking pin are reached through the cockpit access panel. 

When mounted, the B potentiometer is the-most forward of the two and is 
located on the top of the probe with the spindle 11-3/8 inches forward of the 
nose of the aircraft. The & potentiometer is on the starboard side of the probe 


(looking forward from the cockpit) with the spindle 9-3/8 inches from the nose. 
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Initially, the vanes were set to zero degrees and the potentiometers were 


synchronized so that approximately 2.5 Vdc output marked the center position. 






Direction of Flight 





Aircraft Nose 


Figure 3.3: o-B probe 


This base setting provided the greatest range of voltage output available for 
measurements and correlated with the neutral settings of the control surface 
potentiometers. Calibration was done using a specially designed calibration tool 
consisting of a rod and protractor that attached to the probe shaft and is 
explained further in Chapter IV. The electrical diagram for this system is 


provided in Figure A.5. 
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E. AIRSPEED INDICATOR 

Airspeeds were measured with a pressure transducer and signal-conditioning 
unit designed to provide linear voltage output with changes in indicated airspeed. 
The useable range of the unit was designed by the manufacturer to be 30 to 130 
KIAS. The 4.8 Vdc main battery provide power to the dc to de converter which 
supplied the +15 Vdc used by the airspeed unit. To measure output voltage, 
wires from the IAS signal output channel (pin six) and the signal return channel 
(pin seven) were connected to the telemetry transmitter input plug wiper and 
ground pins, respectively. The case ground (pin nine) was connected externally 
to the signal return lead as recommended by the manufacturer to reduce noise 
during testing and use. 

The airspeed indicator was designed to provide a signal gradient of 75 mVdc 
per KIAS. Since 5 Vdc was the maximum design input voltage for the telemetry 
transmitter, it was expected (before calibration) that airspeed would need to be 
limited to a maximum of approximately 75 KIAS to avoid over-voltage of the 
transmitter. As with the potentiometers, some compatibility problems arose with 
voltage output from the pressure transducer and input to the telemetry 
transmitter. Calibration is explained further in Chapter IV. The schematic for 
the airspeed system is shown in Figure A.6 and a table of the airspeed unit's 


specifications is given in Appendix B. 


F. DATA REDUCTION SYSTEM 
After receiving the signal generated by the telemetry transmitter during 
flight test maneuvers, the ground-based receiver converted the seven-pulse serial 


wave back to analog form for recording on a magnetic tape cassette. Next, the 
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data were processed by playing the tape in a seven-channel bench playback unit, 
converted once again through an A-D converter to digital form and input to an 
AT-type personal computer. The data were stored on the hard disk for 
permanent record and to allow processing at a later date. The data were reduced 
using "LabTech Notebook" software and histograms were plotted using a locally- 


developed FORTRAN code called REDUCE [Ref. 12:pp. 44-50]. 
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IV. EXPERIMENTAL PROCEDURES 


A. CALIBRATION 

Before flight testing could be conducted, the data collection, a-B, and 
airspeed systems had to be calibrated. The relationships between displacement 
angles and velocities with voltage outputs from the various sensors needed to be 
established. The calibration procedures in this section were performed several 
times to determine their repeatability. The data for the calibration checks are 
compiled in Appendix C. 

1. Flight Controls Calibration 

The data collection potentiometers mounted at the flight control 
surfaces were first calibrated without the telemetry transmitter installed in the 
aircraft. A direct current power source was used to generate 5 Vdc to simulate 
the telemetry unit's power output to the potentiometers. A volt meter was 
connected to the potentiometer output leads to measure the voltage changes 
produced when the control surfaces were moved. 

To set the flight control surfaces to their zero displacement (or neutral) 
position, the flight control servos were energized and set to their neutral, zero- 
trim positions. Then, each control linkage was adjusted until all of the control 
surfaces were neutral. Next, the set screws on the potentiometer gears were 
loosened and the potentiometers were adjusted to set a voltage output of 
approximately 2.5 Vdc. This setting was roughly in the center of the 
potentiometer's rotation range, allowing equal amounts of rotation in either 


direction of control servo movement. 
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The rudder was calibrated using the tool shown in Figure 4.1. The 
protractor was marked in five-degree increments and was aligned so the center 
point was on the rudder hinge axis. With the rudder set to its neutral position, 
the trailing edge aligned with the zero degree mark and the output voltage was 
recorded. The rudder was then displaced in five-degree increments in each 
direction and those output voltages were recorded, as well. The data are listed in 
Table C.1 and a plot of rudder deflection versus voltage is shown in Figure 4.2. 
The output from the calibration was well within the bounds of a linear curve-fit 


which could be used for future calibration and data reduction. 





Figure 4.1: Rudder and Elevator Calibration Tool 


The elevator was calibrated using the same procedures and the same 


calibration tool. The results of the calibration are plotted in Figure 4.3 and the 


data are also compiled in Table C.1. 
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Figure 4.2: Rudder Calibration Curve 
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Figure 4.3: Elevator Calibration Curve 
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The same procedures used for calibrating the other control surfaces 
were repeated for the aileron. However, a larger radius protractor was needed 
for the larger aileron chord length. The tool used for this calibration is pictured 
in Figure 4.4. The calibration curve is plotted in Figure 4.5 and the data are 


listed in Table C.1. 
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Figure 4.4: Aileron Calibration Tool 
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Figure 4.5: Aileron Calibration Curve 


2. Telemetry Transmitter Calibration 

The telemetry transmitter was installed in the aircraft and the control 
surfaces were recalibrated. The transmitter was designed to receive a maximum 
input voltage of approximately 5 Vdc. The encoder portion of the transmitter 
produced a seven pulse signal train (one pulse per output channel) having a 
width of 1.0+0.5 ms_ per pulse. Any voltage inputs corresponding to that 
which would produce less than a 0.5 ms pulse would be lost and those voltage 
inputs producing a pulse width greater than 1.5 ms would also be lost along with 
any other signal that followed it in the pulse series. 

The manner in which the potentiometers were initially set in sub-section 
one drove the pulse widths off the low end of the scale but failed to reach the 1.5 


ms pulse width upper limit when the controls were deflected. To adjust the pulse 
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width, the control surfaces were displaced fully to produce low voltage outputs. 
The potentiometers were adjusted until 0.5 ms pulse widths were produced. The 
control surface potentiometers were adjusted to produce the low end of the pulse 
width scale because trim potentiometers in the transmitter could adjust only the 
upper limit of the pulse width. When the control surfaces were deflected to 
drive the pulse widths to the low end of the threshold, the 0.5 ms pulse was 
produced. But, reversing the controls caused them to bind after only a few 
degrees of movement. The potentiometers had been skewed so far to the high 
end of their output range (close to 5 Vdc) that rotation was halted. 

The trim potentiometers within the telemetry transmitter were adjusted 
but full deflections of the controls were not possible. Also, the encoder still did 
not receive an acceptable range of voltage. The pulse widths were driven off the 
upper or lower thresholds, or both, depending on the combination of control 
Surface potentiometer and transmitter trim potentiometer settings. Upon further 
investigation, it was determined that the acceptable range of voltage input that the 
encoder could use for producing the proper pulse width was about 3.7 Vdc to 5.0 
Vdc. The trim potentiometers were adjusted through their full range but only 
succeeded in shifting this maximum acceptable 2.3 Vdc window between the 
extremes of the control surface potentiometer's zero to five volt output range. 
In other words, the maximum useable 2.3 Vdc encoder window could not be 
expanded by adjusting the trim potentiometers or the control surface 
potentiometers. 

To alleviate the problems of control binding and out of range pulse 
widths, the gear sets were removed and control arms were installed. The control 


arms produced a 1:1 ratio between servo movement and data collection 
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potentiometer movement. This conversion greatly decreased the resolution of 
the control surface potentiometer output but allowed the transmitter to be tuned 
to an acceptable range of pulse widths for the full deflection of the control 
surfaces. The system was readjusted and recalibrated so that full deflections 
produced pulse widths inside the 1.0 + 0.5 ms window. The results of this 
calibration are plotted in Figure 4.6 and the data are given in Table C.2. 


Reference 12 has a detailed discussion on calibrating the telemetry transmitter. 
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Figure 4.6: Control surface Calibration with Control Arms Installed 


Figure 4.6 clearly shows the differences in resolution between the 
output of the potentiometers when using the control arms and when using the 
gear sets . The steeper slopes of the control arm outputs show that much greater 


control deflections produced much smaller voltage changes. The curves were 
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skewed to the right due to adjustments of the transmitter trim potentiometers. 
The position of the curves could be skewed left or right by adjusting the 
transmitter and control surface potentiometers but the slopes could not be 
changed. The curve for the aileron was slightly shallower than the other curves 
because a special output wheel and arm arrangement was adapted to provide 
Slightly greater than 1:1 rotation ratios. Modifications to the telemetry 
transmitter data-input circuit are being considered to make use of the wider 
voltage range available with the gear sets. 
3. oa-B Calibration 

The a-B8 potentiometers were calibrated in the same manner as the 
control surfaces. The protractor pictured in Figure 4.7 was aligned with each 
potentiometer so that the vane was parallel with the probe shaft. The voltage 
output at this position represented the zero deflection point. The vane was 
rotated from the zero deflection point to +45° in five degree increments and 
repeated in the opposite direction. The data are recorded in Table C.3 and 
plotted in Figures 4.8 and 4.9. The probe vanes worked well for comparison 
purposes , but no in-flight or installed calibration of the a-B probe has yet been 
conducted. 

The a-f potentiometers used brass vanes to sense the direction of the 
on-coming air flow and there was no other type of mechanical interface. For 
this reason, no ratio of input signal to output signal existed as with the flight 
control potentiometers. The telemetry transmitter always received a one to one 
signal from the probe. There was no need to recalibrate the a-B system to the 
telemetry system's voltage range. The only consequence of the reduced input 


range to the transmitter was a decrease in the useable range of & and f. 
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Figure 4.8 
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Figure 4.9: Side Slip Angle Calibration Curve 


4. Airspeed Calibration 

The airspeed unit was calibrated using the "Schmidter” pressure 
calibration device. The device combined a U-tube manometer and a hand 
cranked piston that created and held a constant pressure. The manometer 
measured the change in pressure (AP) in inches of water (cm of H20). The 
pressure line from the "Schmidter" was connected to the total pressure port (PT) 
of the airspeed unit while the static pressure port (PS) was left open to the 
atmosphere. 

The airspeed unit converted the pressure change to a voltage output and 
a plot of airspeed and voltage is shown in Figure 4.10. The relationship between 
airspeed and voltage was not linear, but the equation for the curve fit could be 


used to calculate values of airspeed from volts. Also, the unit produced 
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approximately 1.8 Vdc at zero airspeed. The calibration data for the airspeed 


transducer are compiled in Table C.4, of Appendix C. 
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Figure 4.10: Airspeed Calibration curve 


The same problem of voltage compatibility with the telemetry 
transmitter experienced by the data collection potentiometers also affected the 
airspeed unit. The same range of output voltage was used by the transmitter for 
measuring indicated airspeed. The airspeed trim potentiometer in the telemetry 
transmitter was adjusted so the 0.5 ms pulse width corresponded to AP=4.2 cm 
of H20 and the 1.5 ms upper limit of pulse width corresponded to AP=12.0 cm 
of H20. These pressure differences converted to an airspeed range of 50 to 85 
KIAS which is the most useable range of flight velocities for the half-scale 


Pioneer. An examination of Figure 4.10 shows that this airspeed range falls on a 
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portion of the original calibration curve that is fairly linear. A plot of the new 
local calibration curve is shown in Figure 4.11. This curve was used with the 


data reduction computer software to calibrate the flight data. 
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Figure 4.11: Airspeed Calibration Curve with the Telemetry Transmitter 


B. STATIC STABILITY 

Aircraft static stability is defined as the initial tendency of an aircraft to 
return to an equilibrium condition once it has been disturbed from that steady 
State. Equilibrium is the state of an aircraft where all of the forces and moments 
acting on it are balanced. If the aircraft has an initial tendency to return to the 
original equilibrium condition from which it was disturbed, it is said to have 


positive static stability (statically stable). If the aircraft initially tends to diverge 
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further away from the equilibrium position after it has been disturbed, it is said 
to have negative static stability (statically unstable). If there is no tendency to 
move in either direction, the aircraft has neutral static stability. The static 
Stability of an aircraft only characterizes these initial tendencies of movement 
toward or away from equilibrium and gives no information about the handling 
qualities of the aircraft over a period of time. 

1. Longitudinal Static Stability 

From the definition above, an aircraft would exhibit positive 
longitudinal static stability if it tended to return to trimmed flight conditions 
(equilibrium) when disturbed in pitch. If a nose-up displacement occurred 
(positive increase in @), the stable aircraft would develop a nose-down pitching 
moment (a positive pitch moment, by definition). Likewise, if a nose-down 
displacement occurred (decrease in &), the stable aircraft would develop a nose- 
up pitching moment. 

Another way of expressing these tendencies is to plot Cy versus a. If 
the slope of the curve is positive, the aircraft would be unstable; a horizontal line 
would represent neutral static stability, and a negative slope would indicate 
positive static stability. The slope of the moment coefficient curve can be written 
as dCmM/da, dCm/dCL, or simply CM, 

In determining the longitudinal static stability characteristics of an 
aircraft, the moments are summed about the center of gravity. The resulting. 
equation can be reduced to the non-dimensionalized form shown in Equation 4.1: 

LS, 


Cy = Cy, + (n- hg} Cy - _— (4.1) 
Cc 
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where 1,S;/cS = V (tail volume ratio) and is assumed to be constant. Also, ho is 
assumed to be constant for subsonic speeds. Differentiating Equation 4.1 with 


respect to Cy, gives Equation 4.2. 


aM (h- h} - a (4.2) 


Longitudinal stability is therefore a function of the location of the center of 
gravity (h) and the rate of change in the tail lift with changes in wing lift. If the 
center of gravity is forward of the aerodynamic center such that h-ho<0, a 
stabilizing effect is created. Recall that the more negative CM, is, the more 
stable the aircraft is, by definition (this characteristic may not necessarily be 
desirable). As his moved aft of the aerodynamic center such that h-hg>O there is 
a destabilizing effect (Cu, becomes less negative). When the two terms on the 
right hand side of Equation 4.2 are equal, the slope becomes zero and the aircraft 
exhibits neutral static stability. This critical position of h is also described as the 
neutral point of the aircraft and any further aft movement of h will cause the 
aircraft to become unstable. 

To determine the neutral point of the aircraft using flight test methods it 
would be necessary to determine Cm for the aircraft. This calculation can be 
done indirectly using the moment coefficient due to the displacement of the 
elevator (which is equal and opposite to that for the entire aircraft) required to 
maintain new equilibrium flight conditions. Equation 4.3 shows the relationship. 


Cy == Y Cree (43] 
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Differentiating Equation 4.3 with respect to CL yields Equation 4.4 for 


longitudinal stability as a function of elevator deflection and lift coefficient. 
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(4.4) 
Plotting changes in de versus changes in Cy, produced linear curves with 
different slopes for each center of gravity position. By plotting the slopes of 
these lines (dde/dCL) against their respective center of gravity position, it was 
possible to extrapolate to the value for zero slope, giving the neutral point. This 
characteristic is a function of elevator displacement and not of the forces that 
were generated by the deflections and is termed the stick fixed neutral point [Ref. 
13:pp. 4.3-4.9]. As the flight-control system is irreversible, there is no stick- 
free neutral point. 
2. Directional Static Stability 
Directional static stability is commonly referred to as "weathercock" 
stability, and the greatest contributor to directional stability are the vertical 
stabilizers. The fuselage can also be a large contributor to the directional 
Stability of an aircraft. Other factors, such as wing sweepback, influence 
directional stability but are either not applicable to the Pioneer or are 
insignificant compared to the influence of the vertical stabilizers. Directional 
Stability is actually a measure of the aircraft's sensitivity to B. An aircraft is said 
to exhibit positive directional static stability if B generates a yaw moment which 
acts to restore the nose of the aircraft into the relative wind (reducing the 


magnitude of B toward zero) [Ref. 13:p. 7.1]. 


35 


The consequence of having a misalignment with the relative wind, which 
creates B, is that a yawing moment is produced. A positive yawing moment 
coefficient (CN) 1s defined as a clockwise rotational moment. Positive B is 
defined as the relative wind being aligned on the nght side of the nose (wind in 
the right ear). When Cn is plotted against B, ideally, a straight line through the 
origin is produced. The slope of this line is dCN/dB = CNB and is positive for 
positive directional stability. That is, for +B, a +CNn is produced which tends to 
weathercock the fuselage into the relative wind in a stabilizing manner (+CNgp). 

To determine the directional stability characteristic of the Pioneer, the steady 
heading side slip flight test was performed. This test was similar to the 
longitudinal stability flight test in that it measured the moments necessary to hold 
the aircraft away from the trimmed flight condition. It was necessary to use 
rudder deflection to generate B coupled with aileron deflection to produce bank 
angle (o) to keep a steady heading. This is commonly known as the wing-down, 
top-rudder technique often used for cross wind landings. In this way, the side 
force and moment generated by B are countered by the forces and moments 


created by the rudders and ailerons. 
The side force stability derivative (Cyg) is expressed in terms of the side 


force control derivatives (Cys. and Cys.) in Equation 4.5. 


do, do, do 
Cy,=- Se : Sao : 7. (4.5) 


Equation 4.6 shows the lateral stability derivative (Cig) in a similar 


expression; however, rolling moment is not dependant on angle of bank (4). 
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ds, _ d6, 
C,, —_- “ls a8, = “le a3 (4.6) 


r 


Lastly, Equation 4.7 shows the yawing moment stability derivative (CNg) 


expressed as a function of the control surface deflections. 


=? (4.7) 
dB 


- Cy, 
Reference 13 states that the control derivatives are essentially constant and 
can be estimated using using wind tunnel tests or through empirical methods such 
as Datcom. Lyons determined some of these values using the low order 
computer panel method PMARC [Ref. 9:pp. 33-40]. From steady heading side 
slip flight testing, linear plots can be made to determine d6,/dB, d5a/dB, and 
do/dB. If all the variables on the right hand side of each of the above equations 
are known, the stability derivatives can be calculated. Using manufacturer 
supplied data from Reference 10, the calculated values for dd;/dB and dda/dB 
were compared to the measured values extracted from flight test data. Again, 
since this flight test involved measuring the displacements of each of the control 
surfaces and not the forces associated with them, the results were a measure of 


the stick fixed directional stability. 
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V. RESULTS 


A. LONGITUDINAL STABILITY 

The center of gravity (cg) position for the basic aircraft with no fuel was 
determined to be 36.6% MAC (MAC=11.85 inches). By adding ballast to the 
nose section of the aircraft, the cg could be manipulated, and the weights 
necessary to place the cg at 30.0%, 33.4%, and 36.1% were determined. Four 
data collection runs were made during flight testing for each cg position. The 
first run was made at full power to achieve the fastest indicated airspeed. Each 
successive pass was made at slower airspeeds until the final pass was performed 
at the minimum airspeed, as dictated by the pilot. The data collection runs were 
commenced with the aircraft set in straight and level flight and stabilized at the 
desired airspeed. 

The data were extracted from the data recorder tape and reduced to plot 
Figures 5.1, 5.2, and 5.3 and are compiled in Table D.1 of Appendix D (the * 
indicates airspeed was extrapolated). Each line in the figures represent one of 
the cg positions and each point on a particular line represents one of the four 
data runs for that particular cg. Only two passes were made with the cg in the 
aft position due to a perceived in-flight interference problem in the flight control 
system. 

Two characteristics are readily discernable from these three figures. First, 
the forward-cg curve in Figure 5.1 is more shallow than the curve in Figure 5.2. 
This result appears unrealistic, in that the 30.0% cg would have been less stable 


than the 33.4% cg location. By the discussion in Chapter IV, the forward-cg 
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would have to have been closer to the neutral point than the mid-cg; a physical 
impossibility, unless the aircraft were unstable, in which case the slopes of these 
curves would have been negative reciprocals of the values presented. 

The second interesting characteristic of the figures above is that the aft-cg 
curve in Figure 5.3 has a positive value for its slope. This would indicate that 
the aft-cg was located behind the neutral point causing the aircraft to be unstable. 
This condition would have been extremely difficult for the pilot to control, 


requiring, in some instances, reverse controls inputs to achieve normal flight 


operations. 


Elevator (Degrees-TEU) 


y = - 2.4175 - 3.6328x 





Figure 5.1: Elevator Deflection versus Lift Coefficient for 30.0% cg 
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Figure 5.2: Elevator deflection versus Lift Coefficient for 33.4% cg 
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Figure 5.3: Elevator deflection versus Lift Coefficient for 36.1% cg 
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Anderson outlines a method for theoretically determining the neutral point 
of an aircraft by estimating CMgq, and using the center of gravity and the lift 
curve slopes of the wing and tail. Using this method, CMg for the half-scale 
Pioneer was calculated to be -0.63, indicating a stable aircraft. The neutral point 


was calculated using Equation 5.1. The theoretical value for hp using this 


method is 47% MAC. [Ref. 14:pp. 384-388] 


Cu, = Cz,(h- hy} (5.1) 


Lyons used computational methods to predict CMg for the small-tail version 
of the full-scale Pioneer. The value he computed was -0.756. Again, this value 
indicated that the aircraft was inherently stable. He computed the neutral point 
to be 51% MAC. [Ref. 9:PP. 25-28] 

The slope of each of the curves from Figures 5.1, 5.2, and 5.3 was plotted 
against the cg position at which the data was collected. Figure 5.4 shows the 
results. The unreasonable characteristics apparent in the first three figures 
showed as scattered data in the figure below. Since a curve could not be fit to 
the data with any reasonable accuracy, the theoretical and computational values 
for the neutral point location were plotted along with the flight test data for 
comparison. 

The data on the previous figures shows that trim changes resulted in small 
amounts of elevator deflection changes, usually less then a degree. Because the 
deflections are so small, the gear sets should be reinstalled on the elevator to 
improve the resolution, and the runs repeated. With the small deflections, the 


telemetry signal pulse width should not be driven out of range. 
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Figure 5.4: Elevator Deflection Curve Slope versus cg Position 


The pilot commented, after flight testing, that each cg position was 
comfortable and controllable. The forward cg created a slightly sluggish feel but 
no unreasonable effort was required to fly any of these cg positions. The 
aircraft was flown once with the cg positioned at 40.3% MAC. The pilot 
commented that the aircraft was extremely sensitive to control inputs and was 


very difficult to fly. 


B. DIRECTIONAL STABILITY 

Directional stability was characterized using steady heading side slip flight 
maneuvers. Five data collection runs were made with the aircraft in the clean 
configuration (flaps retracted) and the cg at 33.4% MAC. The values of d; and 


da are plotted against 8 in Figures 5.5 and 5.6, respectively, and the data are 


tabulated in Appendix D, Table D.2. 
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Figure 5.5: Rudder Deflection Versus Side Slip Angle 
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Figure 5.6: Aileron Deflection Versus Side Slip Angle 
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The first two passes were made with left rudder inputs to create +8. The 
first pass was made with approximately half left rudder deflection and an 
appropriate amount of right aileron to keep the aircraft tracking on a steady 
heading. The second pass was made with full left rudder with an increased 
amount of right aileron to track straight. The third pass was made straight and 
level in trimmed flight and the last two passes were performed with control 
inputs opposite of the first two runs. Each pass was made at a medium speed. 

Although it is difficult to quantify desirable directional stability, the curves 
constructed from flight test data in Figures 5.5 and 5.6 were compared with 
other sources of data to characterize this stability parameter. The linear system 
of equations for equilibrium of the Pioneer is shown in Equations 5.2, 5.3, and 


5.4. 


-C,sin() = Cy, B + Cy, 8, + Cy, 3, (52) 
0 = Cy, B + Cy, 8, + Cr, dy (53] 
0=C,B+C, 5+ C, 8, (5.4} 


From data supplied by the manufacturer of the full-scale Pioneer stability 
and control derivatives, values of B, dy, and 6g were extracted from the above 
equations by varying > [Ref. 10:p. 45]. These data were plotted in Figures 5.5 
and 5.6 with slopes of 0.523 and -0.870, respectively. Likewise, stability and 
control derivatives from wind tunnel tests were substituted into Equations 5.2, 


5.3, and 5.4, and the resulting lines were plotted having slopes of 1.154 for 
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rudder deflections and -0.1593 for aileron deflections [Ref. 8:p. 33]. Finally, 
data extracted from computational methods were plotted. The line in Figure 5.5 
has a slope of 1.288 [Ref. 9:p. 39]. A panel analysis was not used to investigate 
aileron effects. 

The flight test data correlated well with the wind tunnel data and the panel- 
code data; the manufacturer's data did not correspond well. The source of data 
collection used by the manufacturer was not known. Although the wind tunnel 
tests were performed on a 0.4-scale Pioneer at full-scale Reynolds numbers with 
a large tail, and the computational method was done for a full-scale, small tail 
Pioneer, the results should be directly comparable with the flight test data from 
the half-scale, small tail Pioneer. The rudders, in each case, were geometrically 
similar and should have had the same effects on flight characteristics, as 
discussed in Chapter II. Because the computational method did not include 
aileron effects, there was some question of whether these data would be valid for 
comparison. Equation 5.5 shows the relationship between yaw moment, side 


slip, and control deflections. 


Cy = Cy,B + Cy, 5, + Cy, 8 (55} 


a 

For steady flight, CN is zero. When stability and control derivatives 
supplied by the manufacturer were substituted into Equation 5.5, the last term is 
at least an order of magnitude less than the other terms. The same results were 
achieved using the wind tunnel data from Reference 8. The last term in the 
equation was therefore neglected and the panel method data could also be used in 


the above comparisons. [Ref. 15:p. 75] 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The hardware changes to the Pioneer seemed to be robust enough to 
withstand the vibration levels present in the Pioneer, and no material failures 
were experienced. The integration of the telemetry transmitter was successful, 
as well. The entire data collection system should be capable of expanding to 
include other types of data sensors, such as an altimeter or rate gyros. However, 
the telemetry system does need further tuning to expand its voltage input range, 
which will be addressed in the recommendation section of this chapter. 

Even though the flight test data were scattered, in most cases, the telemetry 
system appeared to function properly. The side slip data, pertaining to rudder 
deflections, plotted linearly with a very low degree of scatter. The reason that 
the rudder deflection data plotted so well is most likely because the rudder 
experienced the greatest amounts of deflection. The rudders moved over 20° in 
each direction, while the ailerons moved less than 5° maximum for the data run 
that used full left rudder. Likewise, in the longitudinal tests, the elevator moved 
barely 4° at the slowest airspeed with the cg forward. 

There also seems to be an inherent difficulty with performing RPV 
longitudinal flight tests. This type of test requires that the airspeed be very 
steady and that the aircraft be held in straight and level flight, with no 
perturbations of the flight controls. This degree of steadiness is extremely 
difficult to achieve, even for the most proficient pilot, when there are no 


instruments available to analyze flight conditions. Coupled with the low 
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resolution from the elevator output signal, the longitudinal flight test data were 


very difficult to accurately acquire. 


B. RECOMMENDATIONS 

To better characterize the static stability of the Pioneer, more flight testing 
needs to be conducted. There simply are not enough data available to 
characterize the stability, especially longitudinal stability. 

Before further flight tests are conducted, the quality of the data can be 
enhanced through several changes in the data collection hardware. Since the 
deflections of the ailerons and rudder were relatively small, the gear sets should 
be reinstalled at those locations. With the magnitude of those control surface 
deflections being small, the voltage range of the telemetry transmitter will not be 
exceeded. Also, the telemetry transmitter encoder module should be modified to 
accept as close to a five-volt input range as practical. This modification would 
allow gear sets to be installed on all control surfaces and the airspeed indicator 
would be useable over its range. 

Finally, the REDUCE program used for data reduction should be modified 
to be more generic. The program should allow for generic calibration files to be 
input rather than the specifically named files written into the code. The program 
Should also be changed to allow more than three calibration points to be used for 
creating the calibration file. The airspeed indicator output follows a third degree 
polynomial that would require four calibration points for using the entire curve. 
For the linear portion of the curve used in this flight test, three calibration points 


were acceptable. 
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APPENDIX A: ELECTRICAL SCHEMATICS 
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Figure A.1l: Electrical System 
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Figure A.2: Flight Control System 
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Figure A.3: Data Collection System 


50 


(xa = = Se se se ase a ae’ 


B (Potentiometer A) 


a (Potentiometer B) 


yeus IQOoldg 


Dean Plugs 


— (adi x ) Poy 


(pus UOWLUOZ)) UI9IDH 


(IM VOULUOD) OIA 
— (Jodi g ) WLI 


E 
5 
: 
bs 





Figure A.4: a-B Probe 
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Figure A.5: Telemetry Transmitter Input Plug 
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Figure A.6: Airspeed System 
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APPENDIX B: SPECIFICATIONS 


TABLE B.1;_ POTENTIOMETER SPECIFICATIONS 


= = ——— SN 


Temperature Range -55°C to +125°C 
Rotation Angle 550et52 


Body Diameter 
Shaft Diameter 
20 g, 10 to 2000 Hz 


Shock 50 g 





TABLE B.2: AIRSPEED TRANSDUCER SPECIFICATIONS 


a 


Specification 


JAS Range 30 to 130 Knots 
Voltage Gradient 75 mVdc/Knot 


Power Requirement +15 Vdc 




















Length 3.188 in 


[sain [ys 
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APPENDIX C: CALIBRATION DATA 


C.1: CONTROL SURFACE CALIBRATION DATA 


| vec 





0 | 393 | 100 | 
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TABLE C.3: a-B PROBE CALIBRATION DATA 
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TABLE C.4: AIRSPEED TRANSDUCER CALIBRATION DATA 


Jemoftizo | _vec__|_KIAS_ ee 
| ee | 
poz | oa | ws [or | ne | m0 | 
1 ees re 


Jaggi 32.0 
100. 
103. 


119.4 
247 1219 


10:7 80. 
124. 















































aif 


APPENDIX D: FLIGHT TEST DATA 


TABLE D.1: FLIGHT TEST DATA FOR LONGITUDINAL STABILITY 


ao fon {op fe | | | ns | 
joss | - | 3.3924 | oa12 | 0.8237 | 708614 
vzn2 |_| 343 | 0.7402 | 06515 | 58.9140 
3787 | - | 40555 | 03522 | 12809 | se.14s5e 
49335 | - | 3.8706 | -0.5590 | 0.9979 _| 56.0590" 
j-o4sos | - | -1.9296 | oo470 | 1.5477 | 65.6163. 
oz | - | sais | 03546 | 0.9447 | 2.9867 
34961 | - | 2.6980 | 023538 | 2.7264 | ss.s244+ 
7805 | - | 3.4993 | 03153 | 09486 [55.7914 
_o7saa | - | -14s3s | os4a7 | 0.7452 | 75:3488 | 















TABLE D.2: FLIGHT TEST DATA FOR DIRECTIONAL STABILITY 






0856 | soum | ozs | asc | 2085 ssaee 
2274 | 7.9412 
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APPENDIX E: CHECKLISTS 


EQUIPMENT 
Airplane 
__ Fuselage 
_______ Wing and Screws 
Tail and screws 
Access Panel Covers and Screws 
_____ a-B Probe, locking nut and pin 
Flight Control Receiver Battery 


Chocks 


Telemetry 
Transmitter and Battery 
Receiver Case and Battery 


Recorder and Battery 


Tapes 


Flight Box 

______ Flight Control Transmitter and Battery 
______ Extra Battery 

_______ Fuel and Pump 

_____ Starter and Battery 

______ Extra Glow Plugs 


Ignitors 


Sy, 


Tools/Miscellaneous 
______ Shop Tool Kit 
____ Tire Pump 
______ Wiring Harness, All 
_____- Calibration Tools 
___ Ballast (cg test) 
______ Extra Rubber Bands 
______ Manometer 
_____ Cleaner 


Paper Towels 


Hearing Protectors 


Paper Work 
Flight Profiles 
Data Sheets 


Pencils 


______ Schedule Field 


Most Important Item 
____ Donuts 

2nd Most Important Item 
Bee eOLIcc 


BATTERY CHARGING 
_______ Flight Control Receiver - 4.8 Vdc, 4000 mAh 
______ Flight Control Transmitter - 9.6 Vdc, 500 mAh 
______ Extra Transmitter Battery - 9.6 Vdc, 500 mAh 
______ Telemetry Transmitter - 9.6 Vdc, 500 mAh 
______ Telemetry Receiver - 9.6 Vdc, 800 mAh 
______-Video Camera Battery 


Extra Data Tape Recorder Battery 


PREFLIGHT CHECKS 
1.) Connect Airspeed Pressure Lines 
2.) Attach Wing, Tighten Bolts 
3.) Connect Tail Servo/Pot Leads 
4.) Attach Tail, Tighten Bolts 
5.) Connect Servo/Pot Cannon Plugs 
6.) Secure Wiring Harness 
7.) Install Telemetry Transmitter, Route Antenna 
8.) Connect Battery to Transmitter 
9.) Check Flight Control Battery 
10.) Install o-B Probe 
11.) Install Probe Locking Pin 
12.) Tighten Probe Nut 
13.) Attach Probe Wiring Harness 
14.) Check All Electrical Switches Off 
15.) Check Security of All Equipment in Fuselage 
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CALIBRATION CHECKS 
1.) Connect "Schmidter" 6.) Telemetry Receiver - On 


2.) Flight Control Receiver Power-On 7.) Data Recorder - On/Record 


3.) Airspeed Power - On 8.) Calibration as per Table 
4.) T/M Transmitter Power - On 9.) All Power Switches - Off 
5.) Transmit Switch - On 10.) Disconnect "Schmidter" 


Calibration Table: 


Parameter 1st Point 2nd Point 3rd Point 










oO +30° -30° 
B +30° -30° 
Elevator (+) TED TEU 
Aileron (+) TED TEU 
Rudder (+) TEL TER 
Pressure Low High 
TAKEOFF CHECKS 
1.) Check Fuel Level 8.) Close Access Covers 
2.) Check Servo Integrity, Remove Flags 9.) Start Aircraft 
3.) T/M Transmitter Battery - On 10.) Telemetry Receiver - On 
4.) T/M Transmit Switch - On 11.) Cycle Controls 
5.) Flight Control Receiver Power-On 12.) Check Telemetry Reception 
6.) Airspeed Power - On 13.) Tape Recorder - On/Record 
7.) Check Cockpit Security 14.) Note Takeoff Time 
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FLIGHT TEST CARD 


Date: 
Flight Test: 
T/O Time: Land Time: 


( ***** 15 Minutes Maximum Flight Time ***** ) 


Toggle Flight Recorder Marker Each Pass When On Parameters 


Pass 1: 
Pass 2: 
Pass 3: 
Pass 4: 
Pass 5: 


Remarks: 


Flight Conditions: 
Press: Temp: Elev. Wind: 
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